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Motivation

Tunnel FETs or SymFET

Graphene FET

Source

| ALD tunnel dielectric ‘

TiO, seeding layer

Gate

AWhile the use of the FET test structure is common, there have been few
Investigations to systematically determine whether assumptions
associated with characterizing the transport properties of graphene using

this test structure are valid.

R. M. Feenstra, et al., Journal of Applied Physics, vol. 111, Feb 2012.
J.J Su et al., Nat. Phys.,4, 799 ( 2008)
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Mobility Extraction - Constant Mobility Model

AT AT
A L,

ATwo Point Probe measurement _ _
Rmm.!’ - Rmnm:r + Rc‘.‘mmlei o Rconmr + ~ " “contact S —
Mol €H Vo + [V ] et

setup. Contact Resistance
extracted from the model.

S. Kim et al., Appl. Phys. Lett. 94, 062107(2009)
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Comparison of Mobility Models
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AObserved p, vs. n trend agrees
with reported trend for exfoliated
graphene in literature
W. Zhu et al., Phys. Rev. B, 80, 235402 (2009)

AMobility values from all models
comparable at high bias.

ADifference in mobility at low bias
attributed to the use of intrinsic
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Mconst(296 k) ~ 2342 cm?/Vs
Heonstzz iy ~ 2931 cm?/Vs

carrier conc. n, in the constant
mobility model.

AExtracted mobility is seen to have a
/ significant dependence on the
contact resistance

A. Venugopal et al., Journal of Appl. Phys. 109, 104511 (2011)



Comparison of Mobility Models
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A Mobility reported in literature
and mobility extracted using

constant mobility model

compared.

1Bolotin K.I. et al., Solid State Communications,146, 351-355(2008)

Sample Description Reported Extracted
Mobility Mobility
(cm?/Vs) (cm?/Vs)
uTD Back-gate, measurement at X 24381
~300K
Ref. 2 Top ogate (AlL,O; dielectric), 8600 8407
measurement at ~300 K
Ref. 1-1 | Back-gate, measurement at ~5 K 30000 26134
Ref. 1-2 | Back-gate, measurement at ~5 K 230000 201634

Extracted and reported mobilities

seen to be consistent

Trends in sheet resistance at a
given carrier concentration follow
the trend Iin extracted mobilities as

expected.

2S. Kim et al., Appl. Phys. Lett. 94, 062107(2009)




Mobility and Impurities

It is found that the product of mobility and
impurity density is a constant for a wide
variety of interfacial conditions, annealing
conditions, top dielectrics and
measurement temperatures.
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S. Kim et al., Appl. Phys. Lett. 94, 062107(2009)
A. Venugopal et al., accepted Solid-State Communicaitons (2012)
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R. =10 ohms

A The maximum resistance of a single layer graphene device cannot be strongly

changed.
A The minimum resistance for high quality (low J, graphene is limited by 4¢g As
Js increases and adecreases, the influence of 43on the minimum 4 is less

important.

A.Venugopal,L. Col ombo, and Ewithdaracterziggdaransporfipropestiesofggraphene field
effect transistors, $olid State Communications (2012), http://dx.doi.org/10.1016/].ssc.2012.04.042
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